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(57) [ffftj] 

[nun mfjwmcmti&mjdmmm ufc^iMM* 

rt^jE?L*:ttA-*-6wt«::J:9ffl*Sixa. h 
hFET ^^T-^mW$n5 0 




1 

; ^lE^^WW*:^^ KM ^m® : teste* - 
^«*«;»EFM^#6»it4, WB¥»fttt 

fl(re^^^/^««^»lffl^±»-#ffii-5RBS ; flft 

ey-^««6i-»fi!i-'5#ire^^^/u««^» 2 sb^cd 
ji(^^ffii-6^mtt®^sp ; weR«s^Jii-fiFaE-r* 

IllllT^oT, ifflBKM^fH«tc:Bffi+5SSl 10 

mm t mmm 1 ««jj:»ipi -r z> m 2 mm t zm-t 6 m 1 
*wi ; *5<fct«trefi*ttaJi»^±iw#aEL. me« 
immm<ommm2mm\mtei-z>m2mmm ; i^o 

[»*3B2] *:/y -x h • y- h • ^ygitfco 
x : ^i»fw»*>*fc ; we^wt«t»**rtoy-^ 

mm ; ttS*##»»*»:rto K M ; fflfEV- 

^wti»eKM^&»it6, s»e*»*ttt- 

; liffB^ir 1 20 

o±tr#frr6fsmJi ; «rBy-^«*«-**-rs«re 

fttsii^iiX'fcot, JBiflM^ffirefBiftysic: 

»lRli-6*2«*fc4:*-r-6JSl#«« ; fc^tfiftB^ 

-Y**mm<ommm 2 «#©jtw»r 

«»^we#«ft«i«^-<— s-tweJB 1 ^m^^tfiia 
*2«i*i:«>iB^#ftu «reiWb*-»b*-iMb* 
^^m2^A s ^is^mMJii^^~^^ffiriB^-v^/w 30 
««o«res2Si5»i:<oiB^«Ei--6s 

[ii^3] -y h • y- h • ^ygft$)o 

^**SrfltteKM^«*^e>5M»i-6, »e^*ff» 

j*#ttrt<0^**/H«* ; we^-r 1 
*>-bi-#«E-r6««s ; fl9ey-^««t-i»«-r-5fflre 
^ * * 2 a^-t » w#ffi-r 5 &*b*& - mem 40 

-Kft^g ; me^ir^/v««^«tfeiBl«a5^±^fiF 
milillT'fcoT, JBl«Ki:ttB*l«*J: 
»Ift-*-5«2«Kt«:#-rsSBl»«» ; fflEft*^ 

«*<o«reJB2tt»9±^#ffi^-5JB 1 ^mi4^^^ 
-mot, «e«Mk«-»b»-iwt*»^*i» 
^dsfluiajg 1 #«tt«jffl^^<— ^tsfre* 1 ^m^^ffl 
e»2«*i:<DiBiw#ftu meaMk*-aEftW-iWb 

feJl^fg 2 «B£*si»BjfS 1 SlMi^^-t <b HftB^ 
^*^*ome*2»»i:^IBI-«F«Ei-5, bZ-Zto 
m 1 #«tt«*^^~* ; *3 J:tfffflB# l ^m^^ffllB 50 
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IBlflJSiw»fti-5»2»«ttfllS^^-* ;l:J;oT 

b*mWLh~r Z>*?}) v v • y- h • y*- 
[»*«4] ^^y 2/ h • y~ h • y^eysss-efco 

^^ey •t^TKt^ot, iftBT MP*W&y 

y •*/wiffle*##stErtoy"-^fiB«e, ^**^« 
**5J:tf KMvtWK-efcor, we^^*^*^flft 
ey-^€B**S9eKM >««c^bPHT6> ^C^eo 

we^-r *^*<ojb i «#<&±K:#«E-*-asi i km 
mey-^««i-»«Et-swe^-r*/^««(D»2»» 
mejB2«wH^±^»«Ei-s»j«iy- 

-ey • i?yK7>T M ; MfBT Mrt<^S(re«»^Jw 5 

as^stiajgi e** h«$ ; flHrerMrt<7>mea»^^j 

<D5*>SB2^J^*5V^#y-=ey •t/noUEKM>« 

«iae^$*iasfS2 tr$> ; iiar Mrt^«e*« 

^fTC0 5*>»2tTl-*3^T#y^y • ir/W<7)Btl|Sal^y 

- h^tt-&Sn«»2ai««ft ; mrfE^lfT^^^^^ey 
• -fe/KOWeiKMBiy- M£tt^3*b5JBiM«l ; ffle 
^2fr^(0^^-ey ■ -fe/KDWefW»y- ht-^^H 
6^2Mi ; *J:tfttBJBitT33J:tmBIB2fTrt© 

^^y ■ -fe/vcoMey— ^««ic^$nsy— ^ 
y- h • y y g§© 0 

[»*«5] ^^y y h • y- h • ^ygitfco 

y • ir/W*, 

M^««r*fcor, iwe^ir^^ttfi^flffey-^fis 

«S:«rtB KM ^««^bWT-5, i:C^(7)y-^gi 

me K u-r ^ffl*ic;««i--5«ie^+^^«^» i a 
»oJiic:^i-S» l ill £ , 

wey-^«*i-»«rt-s«re^ir*/^«*^jiS2«^ 
inciMbtt - mm - wtitmmmm <o ± % 
mmm 1 »sBo±i:§fit6iRy- h t ^(i^^ y 

^y -irywoTM ; SfrBr MrtoS9B«»^J<o 5 

*>»i^j^*5v^t*y*y • ir^coffirBKu^rv®*^ 

«^S*t6«l t'y h«S ; flfrBTMrt^ffiTB«»coM 

<7)5-b^2^j(c^v>T^y^-y •tywwiSKMya 



3 

*i-l****bS»2 try m ; mier u^^offltsm^ 
<nft(D ? l ff d^T^ y - ir/ucoffliiail^y 

- M-*S^$*x*SS2»RiR ; WIB* l frf*W#y * y 

fB2fTrt*>#*-=ey •■fe/vo«na(B»y- Mcitt***t 

5fg2ftJ$ij& ; ^J:T>*WIS^ltT^J:U ? mIfEB2tTrtw 

[000 1] 
[0 0 0 2] 

. Wl-JH^IBS^ffifettftffffl^^y (EEPROM: Elec 
trically Erasable Programmable Read Only Memory ) 

««rt6 CimS, EEPROMir/VfS, h 7 > 

(FET: field effect transistor) 

«**J«iU tix^^OEEHWM-fe/v^^^eyWJBfcWW 

[000 3] EEPROMir/Wi. K U->f >M»J* 2/ h 

• y -^i£A£/Bv^T. v£®jy-h_hl^ fcSVM^SJ 

6 0 CGOfctf), EEPROMir^cOFET te. ^a^^V^ 
*3V^TWta*U</j:V\ ££1-. EEPROMir/Wi^P^^ 

[ooo4] /p^7;^^m y-^flj 
^^y^i4A^fflv>5<blHl^5^i:^x*#^ e y-* 
h • ^^y^rttASrfflt^-CEEPROMSr^o^^^v 

yi-*KW\ y-^««E^B»-r-5^^^/^ffl«w--» 
*u t> y-^««td»*«r5« 

i-5o ^< tx, y-*flj*5, h - ^y^&At-j:* 

^D^^^v^i, K^^Wy h • yir 
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4 

[0 0 0 5] got, «*S»*Jwffttffi«*ffl^lc:iaL 
fc^F»^tt^^ey 3£Ht. ^FflBBtt;* * y SSHJ-T ^-fe 

y «BttS»asffi*-c3c46-c*> * - ^ * s ffl* 

l<, ->y =i>ffiaa** s fiv^c^^a*Lt> 0 £<b 

[0 0 0 6] 

10 [Hffi^J] #*Wtt*#«ffi**y (NVM: non 

volatile memory ) NVM@(-T^ ir X~tZ>JjW; 

tSratt-fS. *»MJwJ:9. NVM 3£Btt, y-*tti£ 

h £ £r#^6*:/y yh^- hflUMft* 
h^Vv 5 ** (FET ) £{!;i5o NVM ^ft^u^ * 

m&mmm (it t v^^m) mm 

Wffi h 7 V * h (charge trapping site) £r^i 

tfo NVM ^©ti, tck?L&jElLte¥<Dm2m&<Dn$i* 

^m&fr h mt y 3 >-« rt a Ai- 6 

ZklzXVmJzZtiZ* NVM SSB^b^— ^*R*Bia 

AD$n^ 0 »ci-, fet Ki^>r^iwft^sn* try >3» 
zffitiz>m i mz&&'rz>^.k i^xv, ^-^^nvm i^g 

[0 0 0 7] ID 1 13, #3§W::J;3NVM 0/^^(7) 

^yy y h • y- h • ^^ey seacowBig-c&So nvm 
sun P mma^v^y 3>aaK-e*>5. jejit«w»m 

5 NVM ir/H Olil^Ct^ 
40 ^ y^) #£tfffi*ifl s i5rH"T?fc6o SoX, NVM ir/H 

o«, m^mzm^m^mtemwL^m**}) (eepro 

M: Electrically Erasable Programmable Readonly Mem 
ory ) ±/Uk t>P*fc«x£ 0 

[0 0 0 8] h»i§ 15ft SSll ^)_h^# 

fit^ill 1 4 <^mJl 1 4 (?DJiOil«y- h 1 6 k 
$rix5o a«y-H6tt. HVM^rpl-r-SffiflMl 
7, 18$:tt^ {SI^LT, ^SI14lt «l3t/ 
. (nm) L» 3 0nmCD/?^^#i- 

^v-y =i^ji-c*>tK hi6ii itii 4_h 

50 ^mmMZftfitisa l/*$£Xf'**-~l'y*fZ>ZkiZ 



5 

5 0nmftl>U$3 0 0 nmOjf^&^rr > V 

[0 0 0 9] K ^>f y M« 2 2 ^i^y- h 1 6 WftJI 
>f * ^r(7)n WBSflM Th^SrSS 1 1 l^C^AtS 10 

[0010] £ ^. tf - KfbV y^^l23/j: ^©Rt 
ffil 2(Offl^±ir»^$tt6 0 »*-U<», —inks' 

ffiV^Stli, fRWMbT' 1117, 18 

id»ora«y- h i 6^t»fttso-e, -mt^y 
2»nifi«t-*5v>-r«, »iRy- h 1 6ti<t t)«»*tt* 

til 2±C3ft>'y3yi2 3«§tl5 0 flfiCO 

H*6«»j^*5^r«. i»>y^^i2 3ii iiJRy- 
^b> y^yf24 *j-iMb^ y^>i23 ^ 30 

8Mb V y=»^!284 ^cogiJ<o««Bds»b'> y = VJ1 
2 4(OJi(^^$tL6o ZSfr>y^Vl2 8«, 
>^> a ^o-fe^*fcttHMMb^ci-fe^*r«v^T*a-t- 

[001 1 ] -miti/ y2>i23, ^b y=»yi2 

it%) (0N0: oxide-nitride-oxide) 9I?(i2 5l:«t 

6 0 cn«Kmft^ga^^f¥«tt5 0 0N0®g^2 5 40 

ic^-c, ziiMbvy ^>S2 3 ttj&ffl$R«a £ p* 
ixx -K^b-vy 3>g2 8ii±siii^wn6o nv 
m -fe/v 1 0 £:/n ^7 ^ ^y-r si^te, y 

->y ^>l24^«$^if h75// - im hrt 

Zkt>W*^\ S5>l^ R1S2 3, 2 8l*l<7>*|5feSr 
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6 

I^>y^yf24fi si x Ny-e^$n5{b^«a 
> y =» >-nSA,*:£<b«wi <b -r 6 ^ <t a*-ct 

[0012] fflfly- h 3 2 ^0N0 mmift 2 5 (D_blC# 

ft-r s Q w»y- h 3 2 « % aiRy- h 1 6 \mmirz 

mmSlk, «3 1l:^fB]tMJl3 3^tt6o 
«i LT, »J»y- h 3 2«0N0 mm&2 

£F£L<te. 9111^2 0 011111^^^3 0 
0nmCO^Sr*-f-5^jsgS'>y ^yitfcDs fl^SK* 
:/nlr*£J^T0N08WBSR2 5 Jhl-'r tK v> a 

6 0 swy- h 3 2«\ stRy- h 1 6 

6C^*S»*UV^ £<bt^ M«y- h 3 2 te, 

tfyy^tittS^tyi^n *«i>ftye, fb^ 
tc. K-tr^snscfc^ff* lv\ »i»y- h 3 2 

*r»*i-6^ci*^tt % Wy-M6(7)fjir7M 

1"6o U*>>U I^-M6(^lil7i:fiofcM 
A^y =»^«M^^-*tt. NVM ir/W 0 coifef^lcfi^ 

f-^y^Pg+tw^^tt. Ell (cm^^ti^NVM ir/wi 
OfcftS, SUcoH16«iJ (Bl^-fr-f) |d*3t^T«: > ^co^ 
^— -y-^NVM iry^l 0 — <7)T {7 ir 

[0013] ^j^iy- h 3 2<D®m3 3 ^a^y- h 1 

-t3 4, 3 5*^©R«tt^^<-i^dS?gfiKSix*o » 

* l < ^b*^^— ^ 3 4 nfBi»y~ h32^s 

SrfflV^T. y^i«c3 6$:Mt6 0 y-^«3 6 

3 8^«i^-r5 0 fv^6<b, ft^i«c3 8^\ 
K^yft«2 2^P>y-^fi«3 6SrHT6o 
/V««6 3 8 <Dm I 0N0 2 5 *5 JltWBHWy 

-h320Tl-fc?), ^-^^^ffl*3 8<^»2«FP^fia 
tRy- hiil 5(OTtwfc^ 0 S<b^^-<— ^3 4, 3 

5 unvm ir/ui o ^^^x^BM^h^ z t &mMm% 

fcV\ NVM ir/H 0^^{b4fel^^— f-3 4, 3 5^ 

" h 3 2 0fll3 3 
[0014] 0N0 mmift 2 5 ^r±*® 1 2 ±^»*-t"S 

M&iStiZ> (Bl^-f) o il^y- h 1 6 ±ffBfcfc50N 
0ii9^ igffil2±|Ifct)Hk«)^-t3 4 ) 
3 5^J:9«»Stt*V^0NOS«fB2 5<Dfflj> (gl^ 
1T) ktK ^y^-ls? • 7 p Dirx^c^oV^T^*$tL6o 
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is}) = 4 2&mviv- h 1 eco±\z^ 

U NVM -fc/H Otf>iSlRy- hmfat Ltllf^o PI 
NVM ir/W 0 tf> y - * m<l £ LT^-T^o £ 

ic. ix y ^ ^b£^«t it 4 6 a* k u-r >®«c 22^1 

(C#£U NVM -fc/H 0(7) KM ^m^i: LTl&tg-r 

60 ^y=>^wn4 2, 44, 4612, mitm* 

y*3 4, 3 5 ^S^$tt^o CGO/c&K m<bteg 

60 > y >it&%0W& 4 2 , 4 4, 4 611 NVM ir/l/ 10 
1 0rtwS4)£fi:^t6Ot\ NVM ir/wi OOttfg 
£&iTf6 0 La-U v'y='W^M4 2, 4 4, 
4 6h£NVM -feyvi 0\zte\,^xn&M<offif&UftT*2bZ>^ 

[0 0 15] ^U^yft§W4 2, 4 4, 4 6GDfl£ 

dsjgfiRstt. »j»y-h3 2, a«y-ht«4 2 l y 
-^ii4 4^j:(;KW 4 e icm^w $ 

*l5o 20 

[0016] i n ^ijffljy- h 3 2 as»Ry- hi 6 
^^w^^rfi a^ai«y- has. 

JRfiKStiS. *jH6«ls:43V^-CWt. ffS l #»iifcf y > 
Jf a*0N0 a^Si5 2 h 
SrSJEi-So *J«jy- has_btr#^U/«CV^N0 SlJIgI5 2 

Jll 4a>g£g£;ft.5 0 -YsJ-^ASrHtTL-r. »J»y- 30 

h^s-&sn-5y-^ffl«3 6asjgfi8stL*o ^2#fe 

h w«a *^<- £ LXiltRy- h £ 5 

✓^-~^$K5 0 >r ^v^Aast5-si?fTsn 

[0017] fltfjSSttS J: 5 NVM -fc^ 1011 p « 

«S!Sffii lrt^disttsn ^-y^/v- *^y y h • 

y~hFETT*$>6 0 La*U CtLH^WSrWJ^-r-St 
<0-Cf4*l\ ft#<7)|I^W;i:f3l^Tfl NVM ir/H 0 40 

NVM t;H 011 n SftSp 

Siio^x^ftiiM^^n • xyy > h 

• hFET T?fc6o Se>t-SiJ<7>||jSfi«IJlC*5V^H NV 

M ir/W 011 p ^msi^VfrSKrt^rtsnsn « 
ms©i>*yi/rt^riiSix«p ^-t^/v • ^^y y h • 

hFET -CfcS. 

[0 0 1 8 ] Ei 1 £>NVM irvH 0— <7)T^1r;*H 3o 
Wffl^Sr'&tf : -ttetohs NVM irA- 1 0 ^r? S > 50 
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NVM t^l 0Mif5C irioJ:t/NVM /V- 
10^bf-^l:i^5ri:Tfc6, C*x<bll NVM 
ir/H O^il^y- h 1 6, ^Ji»y-h3 2, y-*f!i 
*Sc3 6 4oJ:t/K^-f >M*£2 2^oiEI^W7^ 

[00 1 9 ] NVM ir/i- 1 0 SrmfCWlw^o ^7 ^ ^^-f 
6i:il fci:x.««*«/E*^^P^7^ >^ • 
>f^flffi* KM>««2 2^PP*D-T5 0 
il^y-h^igl 5T<0^ir*vMiB«3 8«B»^Hffl:« 

v??^ ZsymVIV- VWfctiK IRy- h 1 6 IwEMn 

- y-^«ffiasy-^gitt3 6trHJip$ix 
^7; isvwm?- h«Eas»jffliy- h 3 2 ic^d$ 

mm 3 jK/v- h "*v^ i,m 5 h x\ /d^; 

»y-hSEEH W8tK/u h^V^U^Jl OsK/V' h-CS> 
[0 0 2 0] y-^i3 6H KW>-ffii§Jc2 2 J;t) 

^i^v^m/Ei^-<^{-fc6cox% n ^--r^^- ^^y 2/ h 
• hFET 1 on Kx»^i-5 0 -i•v^ 

^n^^v^n y-^®«c3 6a^FET 
lO(OFWyat«t6U K u-f 2 2 asFET 
iooy^^Lt««t6c h 1 6 

12. »Ry-h«igl 5©T©ft*^«3 8??P5>co 
hflRSl 5^Wir^*3 8o^as^-^^/^t) 

#m^^^o 0 ^i^^yt, fcirxtfm^-asKu 

>fvS«2 2^^4U SRy- hfllitl 5 irSUffiiy 
— h 3 2 t(Offl(D^-r^/^ffi*3 8gj5^^iSCTJ!jP)g$ 

ft3o m«f^--vyirasy-^««c3 6Jc|»»L. 4*s** 

o«nmy- h 3 2^Ti-fc6^-y^/v®iUc3 8«5>icsi 

^6^, »J«iy-h3 2iJ:43*tS«i«JEJw«J:?)5l#o 
ft"bH6o h • y ^^A^nir^tr^o^T. « 

«r*-^yirasiMb«j«2 3«:^uraA$*x, 
h 3 2 <nmst 3 1 tdWfi-rsai^v' y^>i24 
rt«c:tt«**x6o ft'wt^ty^ /c^^i^f 

o^x N SJffliy- h 3 2Toft^««3 8ffl»(OHf 

a^Ta^t), *y h • ^r-y y^ttA^igfttTasSo nvm 
t/n oj5^yp^7-; ^^«/Eas#sfts^a, ^a 

$ tt*: y ir tt»fc '>y^|24rt l-fflffi $ nfc^ 
tto4*i:4«, fcir^tf^SiaSNVM * 

/H 0ld*&^}$tL^ o i-^^^>, NVM ir;H oas^n^ 

[0 0 2 1] /o^7^; >^ • ^nir^cor^, ^-y^/v 
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Ry— h 1 6^Tco^^^^«3 8^#coBS«i;/£J; 
Stt&*/MBIw*|i;i5o Ltx NVM OSr^n^ 

ffl&i-ii-f s e 

[0 0 2 2] NVM i?vH 0 Sr«ftW^?H**t SUlfct, m 

*y— *WE&y-*ig«3 6u:bj»du tB*y— 10 
i^j: «9 tffiv^*»j*y- hmjz&mmy- h 3 2 1^31 

L#J 7 hT\ ?B*eJ»y- h 1 l^h 

1"</K frS 
v^i^Sittffi^i-SC^^-C^So NVM ir/W o&Si* 

Ry- h 1 6 u k ^ ^m/E* k u-r 

*£o 0 NVM ir/W OSrtH*i-6S'J^«:#||Jfi«{r*3V^-C 
te N ft 2 atf/i* h * Lft 5 dOv h (Z)mflE^ K u>f >ifi«c 

60 30 

(D^ fc t ;ttf#*J 1 4 tKA' h L&J 1 9 h <7)i^®£ 
ffiOfcfcfcl, h 3 2T^ft^S«3 8£[5# 

^f^r^ y SiETLte, »J»y— h 3 2 (c^TilO 

-fc*fc*5Vvc\ E7L»«t{t«5Ji 2 3^LT, 0N0 mf3 

£15 2 Scomt^V =« ^12 4£T*i£A£*U JtCTSft 40 

rtK*Mft3*L6 0 i"**?*>, NVM i?/H 0^fH*S*t 

So 

[0024] m*7**x<ofnn. mt^y =>vji2 4 
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;Mgigc 3 8 h & A £ tt S K fg flf I- J: U * tt< t 

$tl6 0 ^ h 7 y ^ • hP^comW^Fowler-Nordh 
eira h^/V'- ^D-t^lCjJV^-CWKf H9y>^* h 

tt\ 0N0 mM^2 5l*ifc:ff^±ffl5R«g2 8^oj|g(-^ 
0, 0NVM -fe/H 0C0-r-^««p^3Scg§tl 

So 

[0 0 2 5] NVM irvW 0 frh^T — * ^r^^SI-«> 

ei-^DfSo ^y-^m/Eirnawic^uv>^s 

2^H3iPi-5o **<fct, hSIitl 5(^T^ 

^^^^Sc3 8*^^Hfflm/E»fc*tR*y-^«ffi 

<£ «9 t)iS^SSI«y- htBE^IRy- h 1 6 ^HJ*n 

ftasfll^tyWDSlttSrfto, RSiy-^«JBE 
«fc t> t S5 v >RK K u-f ^WEsftS K u-f v^igc 2 2 tcppj[jp 

liki 2 tfvw h, r% k u>r >mj£nm 1 ^ h 

Utt 2 h "Cfc t) s hl6 «SKttmv DD lc 

«g^$tbSo ^J^LT, «jR«£V DD W:jft3#/i/hftV^ 

V DD fi, fc£;ttf. ^0. 9tK^H^^L^J1. 8*/^ 
hTfcSo 

[0 0 2 6] NVM ir/H 0 /D^n Jf? * tlS ^ , 

mmv- v 3 2T<om^ x J ^^124^1^1^^ 

So »J»y- h 3 2TOft*/HI«3 8gP^fi, «J« 
y- h 3 2 T^^kv' y=»yg24 ^If^i^l^t 

^co^#(D©w^1ii:mi£J:t)^v^^ffim/E^*-rSo nv 
y^yi2 4«ns«jicm^w*tti-*s^ fcsv^i 

Etc^m^ttSo ffll«y- h 3 2T^)f-r^«3 8 

V t«v^BMI[«ffi«:«-i-6 0 WsSi»J»y- hmEEtt, NV 
M t/Vl 0^n^7^i/$tl6^ SJ«iy— h3 
2T^ft^«3 8{fB#ea«ffi«/E<fc t)i£V>>li:^ 
»*UV^ 0 ^/c- K»WJ»y- h«EE«. NVM -fe/H 0 
^m*^ttS»-&. Mm?- h 3 2T^f^^V««3 

8A^RHttEJ; Ui«v^^^»*uv\ t^oT, ^ 
0^7; V^^tiTtNVM ir/H 0^^^-^^r^^S 

ft^HB*3 8ll*»ttti:i^ 
ttSmfittes fctx.tf»2^>f^P7^7 (mA ) 

COO/h^^BiW^r^^gUX, NVM irvH 0?i^. ^ 

fcNVM -fe/H od^v*— ^^l^^^S^^fi, ^^^/^ 
®«c3 8fl^m^^«P^>. -tC**ix6«j«W:. fci:^ 
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&£tiZ>&tomm& (H^frf) (2, :o**ftl» 

[0 0 2 71 «»6^ot7(OB, y-^SUc3 6ttK 
NVM -tr/W 0l£*«£ix-5^— 

&mm^ (H**-f) rat** h»i (Hii-ttH«*-f) 

Sr^UT KM V®*2 2K*£<&$ft, KWV««2 

mxbtiZo lot, **try hiSft^-y^v^cD^fi: 

(2, mtisy = ^m2 4ft<Dmffiktemmmzmm&x* 

(2NVM t/H 0 1^*51 ^Ttt/h*V\ NVM ir/P 1 0 & 

[0 0 2 8] H]2f2, **W«J:J:6^y y h • h 
NVM 36B5 0W|Ej»llSia-efc-5o nvm §£@5 0(2, ^ 

idBMsnfc^^y h ■ y- hfet ©rKiit 

6 0 y h ■ y- hFET (2, NVM gf 5 0 {d*3t^r 

•y-hFET(2, y-*««£, KM vffl**:. V- 

* mm * r * >vmm* h £ ^ * * /vmm t*m 
bl^i^I^n^o r Mf*w*:/y > y h • y- h 

FET fi, 1 fcTy hOf- *&*MfrT6 0 Sot, TM 
p^tO^^y y h • y— hFET (2, NVM gf 5 0 l-io^X 
^h-t;H:Wtfii5, #£iL<(2, NVM SI5 0 

ftcD^y $/ h • hfet (2, [Hi ^mTFZti&xy" 

ys/h-y-hNVM -fe/H 0^«3g«)lc:^UV\ Hi 2 
(2, 4n4^JJC|£^iJ$tifc 1 6i<OkTy h • -tesU&Tjk 

[0 0 2 9] NVMiI5 0li, y-^i5 2, 5 4 t , 
iltRi® 6 1, 62, 63, 6 4 h ffilftJift 7 1, 7 2, 
7 3, 7 4 £. tTs>hi»8 1, 8 2, 8 3, 8 4 ^t 
LTT^i?*£tl6o NVM ^15 O^t'^/ h * -fe/V 
(2, TMrt^coffiS, fct^tfff#^*3j;^J#-g- 
dJ;9T Ku-*»3£S:ft*„ imi^v^, er^h- 
t/H 1 0, 1 2 0, 1 3 0, 1 4 0 (2, -^ft^'tl^ 
l, $2, »3*5«tt/SB4W-ti:Bi"-6o ft2mi*5^ 

T. tTy h • ir/W2 1 0, 220, 230, 2 4 011 
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«x«x»l, IS 2, JB3*3J:t/*4 5iJ^tt«i-S. IB 
3t?|riot>-C> t'yh-t^3 1 0, 3 2 0, 3 3 0, 

3 4 0^ ztuftimi, 9S2. m3#£t*m4mz{tL 

W-fZo ^4fflCib^>T, k^>h-t;i/4 10, 4 2 
0, 4 3 0, 4 4 0(2, -ttt-Pixftl, ft 2, ft 3;&J; 

^4^j^ffie-ra 0 

[0 0 3 0] y-^j®5 212, miftWy h • 1 

1 0, 1 2 0, 1 3 0, 1 4 0C0y — * 1 1 2, 12 
2, 1 3 2, 1 4 2lC^;ft^ft^j^£;ft,6 0 y — *$I5 

10 2 ft, ft2?T<7> tfy h • irvl-2 1 0, 2 2 0, 2 3 0, 

2 4 0(£>y — * 2 .1 2, 2 2 2, 2 3 2, 2 4 21^^-?: 
tltti&miStiZo y-^j®54!2, ^3t?^t*iyh- 
ir/V3 1 0, 3 2 0, 3 3 0, 3 4 0Oy — *312, 

3 2 2, 3 3 2, 3 4 2iw^tl-en^^$tt6o >> — ^ 
5 4(2, ^4ff^f y h • -fe^4 1 0, 4 2 0, 4 3 

0, 4 4 0<£>y — *4 1 2, 4 2 2, 4 3 2, 4 4 2 Id 

Cy-^Sl^tSK's/ h • iryW2— SLT?H*Six 
£(D-e, i^Di/^MtSo CCO/cfe, NVM 

[0 0 3 1 ] iMW^ 6 1 (2, mi ff<D -fe/U 1 1 

0, 1 2 0, 1 3 0, 1 4 0<7Dil^y— h 1 1 5, 12 

5, 1 3 5, 1 4 5fc-tft*ft«tt*ft6o ilRiSl6 2 
(2,^2^60^^^-^/1-2 1 0, 2 2 0, 2 3 0, 2 
40^)M^h 2 1 5, 2 2 5, 2 3 5, 2 4 51:^ 
ft-e*xS8ffiSft6 0 ^^6 3(2, ^3ffOt> h • ir 
^3 1 0, 320, 330, 3 4 0(7)My-*h3 1 

30 5, 3 2 5, 3 3 5, 3 4 5 ^-ttt^tL«l*SH-6o 
W6 4H, f4ffOt^yh't/V4 1 0 ) 4 2 0, 4 

3 0, 4 4 0<£>i!tRy— ■ h 4 1 5, 4 2 5, 4 3 5, 4 

[0 0 3 2] 7 1 (2, ^1 fT0> tT S/ h • ir^ 1 1 

0, 1 2 0, 1 3 0, 1 4 0O^J»y-hl 1 6, 12 

6, 1 3 6, 1 4 6 lC-ttt-etL»jR$ixSo ^J^7 2 
II, f 2ff^)t> h • t/W2 1 0, 2 2 0, 2 3 0, 2 

4 0<7)frJ#py— h 2 1 6, 2 2 6, 2 3 6, 2 4 6 tC-?: 

40 ^3 1 0, 3 2 0, 3 3 0, 3 4 0 COftJflspy— h 3 1 
6, 3 2 6, 3 3 6, 3 4 6 \ZL*ti*:timffl.£tlZ>o ffl 
fflffi7 4(2, JB4trWtry h • -fcA-4 1 0, 4 2 0, 4 

3 0, 4 4 0^M-h4 1 6, 4 2 6, 4 3 6, 4 

[0 0 3 3] tfjy hi® 8 1(2, flat's/ h • t/H 
10, 210, 310, 410(OKKyil4, 21 
4, 3 14, 4 1 4^ix-etl«j»Sn6o tr^hj»8 
2(2, ^2^J^> tTy h • ir/H 2 0, 2 2 0, 3 2 0, 

4 2 0(DKKyi 2 4, 224, 324, 4 2 4K 
50 tl^tlt&mZtlZo t'y hi®8 3f2, jg3WiO^ h • 
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t/H 3 0, 230, 330, 4 3 0^KM>13 
4, 2 3 4, 3 3 4, 4 3 4 *t£ 0 tf 

y HI8 4H S4M©tryh-t/H 4 0, 2 4 0, 
340, 44 0^KK>1 4 4, 244, 344, 4 
4 4l£*ft*K»l«£ix6«, 

[0 0 3 4] NVM g!5 OrtOfcTy h • ir/Ml, mTfBJ- 

<a3Si, $2, S3*sj:u5»4ffcotrs/ h • 10 

Its NVM $l©5 OH Sgl, 12, BZ&XXfimift 

6 C ^I^M7 1, 7 2SrSVMrJB^U. M«lj»7 
3, 7 4^SV>l^^5C^ <>-es*o ^< IT, ft 
l*3<tt/Sf2fTrtcot> h ■ -fe/Wi 1 o^SJfBJftSr**' 

[0 0 3 5] NVM gf5 0fo<D&\?y h • ir/P^:fiSiJ(C 
USattK^n^S v^i" 6 C <h^X£6 0 #tf;yh- 20 
1?/M^t£te*ft£ft£^-*t., tT^hlft8 1, 8 2, 8 
3 £/ctt 8 4 rt *«Ett-5«j5K«:«lfti-r6 - <t t- <t 0 flS33«J 

fca*T*#6 0 ftot, NVM mWSOn^y 
y is ^ EEPROMSfi t i> Pf tftt 6 . 

[0 0 3 6] NVM gf5 OrtcOtTy h ■ ir/K fctttf 
try h • -feA^l 10, 12 O^m^fftt-^n^ * ^ 

^ • /p^y^^lff^y-^SS 2|cTOf5 0 fc 30 

£ jltf**) 1 h ftl^ U^J 2 h COjg 1 1R^D^7 

%4fs<F>\Zy h • -tr;M:i. tr^h't/UlO, 120 

§6 2, 6 3, 6 4lrBliDi-6Ci:^ < fc D *-:7 Kft 
tfl£;ttf$j8 stf/l* hftl^USl 1 0^/Vh^*/a^7 

^y^li£^J«7li:Mt6 0 #*L<tt* MHNV 
BBK* JgliHR:/n>/^ >-^®£J;9SK12££*x 40 
/EV DD S: fc* <y Mft 8 3 , 8 4CWt6 0 tTy h»8 

3, 8 4\^wM£iiz>ni h - % ^?m& 

f£t<om^ \f y V - t^l 3 O, 14 0Wl«y-f> 

135, 1 4 5<n&*<DT<o^^*s\^w&ft<nmmm 

%2 Vy h • -fu?y%^?m£^\f y hjj^8 1, 8 2 
KfWJ0£;ft,5 o ftoX. fc*s> h • -trvW 10,12 0^ 
*->-fcft!K StefiBib^- KT-Bf^-rs, fv*x6 50 
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t. -J*?? % s# • yu^xcnmte, y-^112, 

1 2 2tetf >;/ h • ir/W 10, 120(DKWy<hLT 
-ttt-enWfiBL, KKV114, 124fll^yh«t 

/nio, i 2 o^y-^i LT^rtt-etiiftiB-reo ft 

1 20C0K^>1 14, 12 4^6-tix*tu»4U 

h • -tr/n i o^ii^y- h i i 5 £»py- h i 

1 6 k<Dffl<D^^*/Ui£i&te£X$\?y h • ir/H 20O 

atRy- h i 2 5 tfwfpy— h 1 2 6 t^w*)^*^ 

110, 120 (DUMtf— hi 16, 126 T<0?-*Y* 

/^m^^ti^timm-r^t. mm?- hue, 

y^&A^P-fc^K^Tte. ®ffi=*-f y irteWJ#P 
y-hll6, 12 6T^iH4ii8rt<7)lf h7^ 
^•*>f hrtKa=A£*x* Q «^ft£r<0*a>«flf*^ y 
t«W-hll6, 126TOlf h^^/'t^ 
hrt{di£A£*x6£, MWy- h 1 1 6, 126W 

• ir/w 1 10, 120 &ffitiZ>mfit&Tfc r) . y h • 
^r-Yy^A^JSa^T^^o NVM S^B5 0**%-?*? 

h 1 1 6 , 12 6 T<^®^ h7^^-t^ h P^tw 
$16, ^l^Sffi. fcirAtflfcaaijftStrj/ h -ir/ui l 
o, i 2 ortiwfe^^n^o try h • -fe/H 1 

0, 12 0^P^7^^Sn*. 
[0 0 3 7] NVM ^15 O^fcTs/ h • "fe/K fctxtf* 

y-^^^ms^y— ^IS5 2icPn*DL, famm=& 

lMJil7 1,. 7 2JdHJ*ni--5« ^J^bT. ^5^' 
Xil^L. &J-1 1 ^Vl- h^V>U^J- hO#^l 
^6 3, 6 4to£X$mmB 7 3, 7 4«, miti!m/El^-< 
6 2&£X$\?y 1 , 8 2, 8 3, 8 4H»i6tE 

6 1, 6 2*5 J; I* try 8 1 , 8 2, 8 3, 8 4 fii* 

h»*«ffi*StTy MI8 1, 8 2, 8 3, 8 4JCB1JPS 
ti5 0 ^ltT*5J:U ? m2tT^t:> h ■ ir/^il^y- h 

»lfT*5<fct/^2tT^t*s/ h ■ ir/KO^^^yv^^i$6 

t 2 h ft v ^ U$ 5 ^/^ h o®/Eft ^'oo 5/ h 
tH*ajE^fcT5/ hi^8 1, 8 2, 8 3, 8 4ldHl*DS 
ft, Ku^T>'^?>fBlfT*3<l:t^»2ff<Otry h • irywo 



15 

[0 0 3 8] »l*3J:t/SB2ffOtry h • ir/^y — * 
1 8*Ow h^m/E^/c^lc, Sf! 1 *5 J: t/!B 2frco tr 

5 0 i^A ZtitzJEHnB 1*3 J:tWB2fr©fcry h --few 

Wit h7y/' f--f h^UKW^WSCttftti-^S* 
T^< 0 If h7^^'t^ MS, MtHS^n-fc^lClSS 

5 ofrbffi&ZinZb. mi&£t*m2n<nvy h • -fe 

mm, itk*.&mmo&\?y h • -fc/w 1 o, 120, 

1 3 0, 1 4 0, 2 1 0, 2 2 0, 2 3 0, 2 4 01^1: 
M^tl^o NVM g!5 OGQffll 2 

[0 0 3 9] NVM mW 5 0 <D fcT y h • ir/K £ ;tf;f fc* 
yh*t/U4 3 0, 4 4 0?5^-r — ^^^^^Sl^fl. 

/WStTy h • iryV-4 3 0, 4 4 0 ^^f- * cog^t:/ 
nir^^^L^V>(DX\ fc£;ttf«»«ffifc£<a»2 
»KBHMtffiS:iBSyft6 1 , 6 2, 6 3, 6 4 trBliPi" 
5wt«cJ:9 3h7tci-sr ^j5S»*lv\ y-^KSi« 

5 0 »i^h*v^u«j2^h(7)jBi try hlME 

^t>hl8 3, 8 4lC^P^tl5o #£L<te\ try 

hisi, 8 2icBi*pStL5»2 try hWBi«EE«. y 

-^52, 5 4icPn*p*tt5y-^sesiwaEi:iufw 

(C^LV\ ^< hfyh-ir/^4 1 0, 4 2 01*92: 40 

Ify h • ±^4 3 0, 4 4 0^f)7-^ 

i5 4i:M$ti6y-^iHiE^M< it rats 
«je«, #£L<te, y-^i54Wi)D$ti^y-^ 

^m/Ect 9 «t try h • i?/W4 3 0, 4 4 

OCOil^y— h 4 3 5, 4 4 5*ft*frtf>T<^-lr*A' 

mmiftftv>mmmj£fttdifm\<\ mime 1, 6 2, e 

3JwPPiP$tt6«2a«R8l«mtt. $?^L<fi, SB 50 
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1, *2*fctt!R3fr<Bfcry h • ir/KZ>ilJRy- hTco 

rv^mw&fKommwzh y-^sas 2, 5 4iwSi 

[0 04 0] t*«7 h •tyl/4 3 0^7 P P^7^y^$tl 

i^i^n^o h 4 3 e t^^^^^«sb» 

y h • ir^4 3 0 *3H±£ *l5 £ , »J»y— h4 3 6T 
i>tejEtC3fc®£*x<5 0 WJ»y— h 4 3 6 T^-v^M'* 

^HliPStt6WJ»a»«ffi«. try h • ir>^4 3 Offi? 

no^; ^^stLfca^riMffl^- h 4 3 6 t<d^v* 
^m^^mmmf^x r> hi&< . \*? v • ir/w 3 0 

HfctTy h • ir/W4 3 0 * frR*R£IRtt* tT 
y h • ir/V4 3 0^^-^^^*tt*»«ttT?, 
ffitiZmm*. 1tk?L&ffi2 iik KTfc/h*V\ try b 

V^«t*tt*PU, fyh-t;V4 3 0^e)Sl»I«s 
fcir^tfBIl ^^H6o JH***tfctryh- 
3 0^f)f-^^iW6fe try h • ir/U4 

tt, IZhTLttmiO iik &s±k*i%V\ fc*yhlft8 3tr 
U t> h • iryW4 3 oa>fc»2»3Sfflu 

[0 0 4 1] fcTy h • ir/l-4 4 O^y'n^y ^ 
Zb. SIM-h446T^lSh7^7 p ' 1M 
lC^m$tL5o »J»y- h 4 4 6 T^^^^^«cffl^ 

^^B^BItWEJiQtKv^BltWBE*:*-*-*. t' 
y h • ir/W4 4 0 JSffiASftS »JWy— F44 6T 

V^ttjElC3t«S^6 0 Wy-h4 4 6Wt^«l 

<tD t^v>^ffim/E^w-r5 0 #£L<r±, ^j^7 4 

twBJjp§jx-6*J»S8Bi«JEtt, tTy h • -fc/u4 4 0^y 
n ^y ^ tt^L»-&«»J«iy- h 4 4 6 T^^-y^ 

^*«W»<0Bffl[«£EJ: r> s yfy V • t;V4 4 0 
^m*Stt^#^fl»J»y- h 4 4 6TcO^-r^/l^|« 
SB^BSH«EJ:f? tSSV> 0 ^oT, /n^7;y^ 
ttfetTy h • ir/i^4 4 Ori^-r — ^ 4r§!^®l6(^fi. tT 
y h • ir/V4 4 0 (O^^ -^C^ 
«IEix5«Sttt, fc^l»2/iAOT<f:/h^\ try h 
j»8 4^»^*ix5*ttlt«B« (B»-fr-f) ^-co/j>$ 
^•«S:«*PLs f$/h'tyM4 0Hil»IE 
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U t>h-t/l/4 4 0^f)S2Slltt, SfcSO&R^- 

[0 0 4 2] tfyh't^4 3 0, 4 4 0 £>e>x— * £ 
tt^WS^n-fe^^lfflH. 3 4 4 211 K 

My4 34, 4 4 4 J: 9 t^ift^ftffit^JE/i' U'</l' 10 
Idfe^o h 4 3 6, 4 4 6TcOft^M«9? 

<^t*s/ h • t/^i#h7S'^ • -m h^e> km^ 

&IHT6^*/MSS*f2. iS^6 1, 6 2, 6 3l:fP 
11, m2&£Xfim3ft<DK*iy h • t/KOWk^D 

/h*v\ ££>tc. NVM J6«50Wtry hlfttt. ttffc-tz 

NVM gt5 OtfiiftD* try h^S^y*— 

[0 0 4 3] £JLk, NVM ^Bt^cDNVM £§Bi-T^ir:* 
■r6^fe^^H^$ttfc^i:^3l^|H ( tJ;5 o ^NVM ^ 30 

^^!) y h ■ y-NFET (D7HS:fix., &FET 

[0 0 4 4] NVM ^ficoFET SrT'n ^ ^^-T-SB 
iSStt, ^^8, »J»-y- hOT(-#fti-6R«ffiSI« 40 
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[0 0 4 5] NVM ^B^FET tt. * 2ffitttf)flMff*lr V 

»LT#»Lfcl^T?. J?^±^mJI£ffiV>TNVM S 
[0 0 4 6] NVM ^BOFET frh*f—# &Wt?*WLZ®£ 

m&&&W-tZo FET ^KM>Kfir&£*l6fc* 

y Y>m&mtiz>mm&&*n-rz>zb\zi: sfet ^<b-r- 

^StR^RSp FET ©KM^m«y-hT^* 

^si*.^ nvm 3SB«KtttBfla^j-a-rSo 
[mi] *%£w\z£ttnm&**ri)mwv>mmmx*iib 

10 ^WBtt^yiee 

1 1 *»#-a6K 

1 2 ^Sffi 

i 4 rsjs 

1 e as^y- h 
17,18 mwf- b<D®m 

2 2 KM >«Sc 

2 3, 2 8 rsftvy=iyi 
24 mt^D^^m 

2 5 mim-mm-wummmt® 

3 1, 3 3 Mfcl^- h^iR'J^ 
3 2 WJffly- h 

3 4, 3 5 mtV9X<<— * 

3 6 y-*fg$c 

3 8 ^-r-*'Hfi*$ 

4 2, 4 4, 4 6 -> y = Vft-MMBit 
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PROBLEM TO BE SOLVED: To obtain a nonvolatile 
memory device excellent in power efficiency and suitable 
for low power application, by a method wherein electric 
charges carriers generated from a source of a source 
area range over a channel area and accelerate, and are 
implanted into a dielectric layer located in a floating gate 
or under a control gate, and a selective gate controls a 
channel current. 

SOLUTION: A nonvolatile memory(NVM) device 
comprises a control gate 32 on a first portion of a 
channel area near a source, and split gate field-effect 
transistors(FET) having a selection gate 16 on a second 
portion of a channel area 38 near a drain. When the NVM 
device is programmed, electric charges carriers of a first 
polarity accelerate in the second portion of the channel 
area 38 under the selection gate 16, and are implanted 
into a lower dielectric layer 14 of the control gate 32. 
When data are read from the NVM device, a read voltage 
is applied to a drain adjacent to the selection gate 1 6 a 

current of a bit line coupled to the drain of FET is detected, and data are read out. 
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